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In this letter, we present an analysis of the backscattering 
(BS) generated in a micro-drilled tapered fiber (MDTF) 
within a short-linear-cavity fiber laser. We propose and 
experimentally demonstrate a fiber cavity laser based on 
a tapered optical fiber segment that generates artificially 
controlled backscattering. The 50-μm-waist taper was 
fabricated from a standard single-mode fiber, and the 
taper was subsequently micro-drilled using a 
femtosecond laser micromachining system. The laser 
generation properties conferred by the micro-drilled 
optical fiber taper were experimentally investigated. 
Single-wavelength laser emission at 1562 nm with an 
output power of 10 dBm and an optical signal-to-noise 
ratio (OSNR) greater than 45 dB is demonstrated.  
http://dx.doi.org/10.1364/OL.99.099999 
Artificially controlled backscattering fiber technology based on 
fabrication using femtosecond (fs) laser micromachining systems 
has developed rapidly in recent years because of the many 
attractive applications of these fibers across various 
manufacturing sectors [1-3], such as, aircraft engine turbine 
blades, automotive fuel filters, surgical needles, microfluidic 
devices, and fiber lasers [4]. This inscription technique can provide 
an enhancement in the inhomogeneity of the refractive index of a 
fiber, which is usually very weak, and consequently it offers an 
increase in distributed scattering [5,6]. In this way, refractive 
indexes can be altered and shaped to offer a number of 
applications for optical systems [7,8]. As an example, conventional 
fiber lasers require a cavity consisting of stationary mirrors or fiber 
loops. However, new distributed-cavity lasers [9], as well as 
random-fiber lasers [10], are based only on a random feedback 
mechanism, usually supported by backscattering, and an efficient 
gain than can be achieved in many different ways [10–12].   
 In order to provide sufficient feedback in random distributed 
feedback (DFB) fiber lasers, several kilometers of single-mode 
fiber (SMF) are usually needed. Such distances can be useful for 
remote sensing applications [13,14], but they increase the size of 
laser structures and require high pump powers. Reducing the 
length of the distributed random mirrors has become a new 
research goal. Optical fiber tapers have also demonstrated their 
capability to suppress undesired stimulated Brillouin scattering 
and increase backscattering (BS) in fiber lasers [15]. Thus, DFB 
fiber laser operation could be dramatically improved by employing 
a micro-drilled tapered fiber (MDTF) in order to develop a 
distributed linear cavity laser.   
 To the best of our knowledge, this letter reports the first 
experimental demonstration of a fiber laser assisted by micro-
drilled optical fiber tapers. Here, we present an experimental 
analysis of fiber laser properties in terms of backscattered optical 
power, output power levels, and optical signal-to-noise ratio 
(OSNR).  
 Effective distributed reflection was achieved by the MDTF via 
multiple reflections from numerous randomly spaced spots 
distributed over the waist of a SMF taper. In this way, feedback 
strength was enhanced, and thus cavity loss was reduced and the 
output power threshold was lowered. A single central emission 
wavelength of 1562 nm with an output power level of 10 dBm and 
an OSNR greater than 45 dB was obtained.  
 For the fabrication of the optical fiber taper, a standard optical 
fiber was tapered. From a nominal outer diameter of 125 μm, a 50-
μm uniform waist diameter was obtained, which corresponds to a 
tapering ratio of 2.5. The fabrication of the tapered fibers was 
executed by means of a Taper Manufacturing Station TMS-01-
0400 (3SAE) (NorthLab Photonics, Sweden), which allows the 
manufacture of tapered fibers with arbitrary shapes, low losses, 
and excellent repeatability, as has been previously reported [16]. 
The transitions between the original optical fiber and the uniform 
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Fig. 7. Output power versus pump power for the MDTF-based fiber 
laser. 
 Finally, Fig. 8 presents a comparison between the results 
obtained when using a micro-drilled tapered fiber (Fig. 8(a)) or a 
un-drilled tapered fiber (Fig. 8(b)), both of them being pumped 
with 980-nm light at 350 mW. It is apparent that the micro-drilling 
has a dramatic effect on the laser generation properties. 
 
 
 
 
Fig. 8. Output spectra of the short-linear-cavity fiber laser pumped with 
350 mW of light at 980 nm and including (a) an MDTF, or (b) a tapered 
fiber. 
 In conclusion, this letter presents, for the first time, to the best 
of our knowledge, an experimental analysis of the laser generation 
properties obtained by utilizing the effects of distributed 
reflections in a micro-drilled tapered fiber within a short-linear-
cavity fiber laser. A comparison between the light backscattered 
(BL) over the length of this tapered fiber, before and after it was 
drilled, was carried out. To this end, an optical backscatter 
reflectometer was employed, and it revealed an increase in the BL 
amplitude of about 60 dB for the MDTF compared to the un-drilled 
tapered fiber. This result is clearly due to the RBS which occurs in 
the micro-drilled structure. When used within the short linear 
cavity, the MDTF generated a single-wavelength laser centered at 
1562 nm, with an output power of 10 dBm and an optical signal-
to-noise ratio higher than 45 dB. 
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